Introduction {#S1}
============

The prevalence of asthma is a phenomenon which is dramatically increasing worldwide, especially in children under 18 years of age.^[@R1],[@R2]^ There is some evidence to demonstrate a possible correlation between asthma and diet.^[@R3]^ Several studies have widened our understanding of the role of nutrients in the cause, progression and prevention of asthma; a suboptimal intake of vitamin A, C and E and other antioxidant nutrients seems to enhance asthmatic inflammation and contributes to bronchial hyper-reactivity.^[@R4]^ In particular, consumption of fruit seems to have a protective role *versus* asthma in children.^[@R5]^ These data are also supported by some evidence from animal studies; supplementation of antioxidants in diet contributes to a decrease in respiratory diseases.^[@R6]^ However, the results in human patients are difficult to interpret due to the differences in setting and demographics of the study population.^[@R7],[@R8]^ Antioxidants may be useful, but additional studies on the association between antioxidants and asthma are to be encouraged.^[@R9]^ The majority of studies quantify antioxidants in relation to the amount of food intake rather than direct monitoring,^[@R6],[@R10]^ whereas there are few studies describing a direct measurement of antioxidant activity from blood or tissue, especially in children. Furthermore, nutritional assessment in children is not considered to be an accurate method to determine the levels of antioxidants.^[@R11],[@R12]^ Raman spectroscopy is a specific form of vibrational spectroscopy for the detection of skin carotenoids. It has been reported to be highly sensitive, specific and precise in measuring skin carotenoid level because carotenoids can be excited by overlapping light wavelength of visible absorption bands and produce a strong resonance Raman scattering response.^[@R13],[@R14]^ The results are correlated with direct measurement of serum,^[@R15]^ and this non-invasive method may be successfully used in children. To our knowledge, there has been no study of skin carotenoid level and its correlation with asthmatic patients in Thai children. The primary aim of the study is, therefore, to assess the risks of asthma prevalence in correspondence to dietary carotenoid intake. A secondary aim is to correlate skin carotenoid level and dietary carotenoid intake by non-invasive Raman spectroscopy.

Materials and Methods {#S2}
=====================

A cross-sectional school-based study was conducted in schoolchildren in one school of the Ongkaluck district, a rural region in central Thailand, during November and December 2010. Four hundred and twenty-three (n=423) children were enrolled in the study, after obtaining approval and informed consent from parents and from children. The study was approved by the ethics committee of the Faculty of Medicine of Srinakharinwirot University.

Possible subjects of the study were considered to be all healthy children who voluntarily decided to participate and who had their parents\' permission. Children with a known history of chronic diseases, such as diabetes mellitus, malignancy, chronic renal diseases, congenital heart diseases, and chronic liver diseases were excluded. Children who had skin lesions at the area of measurement of skin carotenoids were also excluded.

Trained staff collected demographic data by interviewing children and their parents. In particular, we used the National Health Interview Survey for Asthma Control (sample core: children)^[@R16]^ to classify asthmatic children. According to this, a child was considered asthmatic when a doctor or other health professional had diagnosed asthma in the previous twelve months. In this study, the questionnaire had been translated into Thai and parents of the children or their guardians were then asked to fill it in. Furthermore, we measured body weight and height in order to calculate the body mass index: weight was measured to the nearest 0.1 kg using an electronic scale while height was measured at the level of the tape to the nearest 0.1 cm. The body mass index was calculated as the ratio between weight/ (height)^[@R2]^ \[kg/m^2^\]. All measurements were taken by trained staff.

Food frequency records were obtained for a week. We then calculated the total intake of vitamin A, C and carotenoid. Each nutritional intake was calculated from food frequency records based on the USDA National Nutrient Database for standard. Therefore, skin carotenoid levels were measured by Raman spectroscopy (Biophotonic Scanner, Pharmanex, USA) on the palm of the right hand. The skin carotenoid score (SCS) was determined as previously described.^[@R17]^ In summary, children were instructed to place the palm of their right hand in front of the scanner\'s low-energy blue light laser for 3 min. Upon completion, the skin carotenoid score was reported on a computer screen.

Data were descriptively presented as mean and standard deviation, unless otherwise specified. The normality distributions of continuous variables were calculated with the Kolmogorov-Sminov test. Differences in the normal distributed continuous variables between asthmatic and non-asthmatic children were tested by Student\'s t-test, whereas non-normal distributed variables were log transformed before being tested, again by Student\'s t-test. Differences of categorical variables between the 2 groups were tested by χ^2^ test. Correlations between skin carotenoid level and carotenoid (including vitamin A) intake were measured by Pearson\'s correlation test. Binary logistical regression analysis was used to measure the risk effects of various variables on asthma prevalence. Multicollinearity was identified among various carotenoid and vitamin A intakes; therefore, alpha carotenoid intake was used as representative of carotenoid intake in the logistical model. Statistical analysis was performed with SPSS (version 11.0, SPSS, Chicago, IL, USA) using intention-to-treat analysis. P \<0.05 was considered statistically significant.

Results {#S3}
=======

Four hundred and twenty-three children aged from 3.5 years to 17.8 years were included in the study after obtaining written informed consent. Seventy-three children (17.3%) had been diagnosed with asthma. Of these children, 30 (41.1%) had active asthma, 15 (20.5%) were admitted to hospital due to asthma attack, and 28 (38.4%) had time off school due to asthma attacks. Demographic data collected in the interview or at medical examination did not describe any significant difference between asthmatic children and control group in terms of sex, weight and BMI ([Table 1](#T1){ref-type="table"}). By contrast, children with asthma were younger and shorter in height than healthy children. Children who smoked or who had smokers in the family were similarly distributed between the two groups (P=1.0 and 0.42, respectively) ([Table 1](#T1){ref-type="table"}). Asthmatic children had significantly higher incidences of asthma in family member (28.8% *vs* 11.1%, P\<0.01, respectively). We then evaluated intake per week of antioxidants, carotenoids and vitamins, such as α-carotene, β-carotene, β-cryptoxanthin, lycopene, lutein and zeaxanthin, vitamin A and C ([Table 2](#T2){ref-type="table"}). Distributions of skin carotenoid level, vitamin A and C, and carotenoid intakes were not normalized with Kolmogorov-Smirnov test, therefore, the data were log transformed before being tested for difference. As reported in [Table 2](#T2){ref-type="table"}, there were no statistically different distributions between children with or without asthma diagnosis in terms of antioxidant intake and skin carotenoid level. Skin carotenoid levels determined by the mean of Raman spectroscopy correlated to the intake of all carotenoids and vitamin A, even if in mild (Luthein and zeaxanthin 0.2, P\<0.01) to moderate (β-cryptoxanthin 0.42, P\<0.01) degree, as reported in [Table 3](#T3){ref-type="table"}. Moreover, among carotenoids, an inter-correlation was noted ([Table 3](#T3){ref-type="table"}). ). Finally, the risk of asthma negatively correlated with age (odds ratio \[OR\] 0.86; 95% CI 0.78, 0.95) and positively correlated with family history (OR 3.63; 95% CI 1.89, 6.99).

Table 1Demographic data of asthmatic children and control group.Children with asthma (n=73)Children with no asthma (n=350)PBoy (%)40 (54.8)185 (52.9)0.79Age (year)9.2 (3.4)10.3 (3.2)0.01Weight (kg)31.8 (14.5)34.4 (14.4)0.09Height (cm)129.7 (19.0)135.3 (18.2)0.02BMI (kg/m^2^)17.9 (4.0)18.0 (3.9)0.69Smoking (%)6 (8.2)31 (8.9)1.0Smoker in family (n)23 (31.5)129 (36.9)0.42First child of family (%)20 (27.4)160 (45.7)\<0.01Second or last child53 (72.6)190 (54.3)\<0.01Asthma in family (%)21 (28.8)39 (11.1)\<0.01

Table 2Dietary carotenoids, vitamin A and C intake. and skin carotenoid level in asthmatic children and control group.Children with asthma (n=73)Children with no asthma (n=350)Pα-carotene intake (µg/wk)904.2 (681.6)1,159.6 (1,120.7)0.65β-carotene intake (µg /wk)5,232.3 (3524.5)5189.5 (4,928.0)0.60β-cryptoxanthin intake (µg/wk)1,028.4 (816.9)1,045.6 ( 877.3)0.39Lycopene intake (µg /wk)4,417.1 (3,370.0)4,951.2 (4,286.2)0.76Lutein and zeaxanthin intake (µg /wk)6,077.7 (4,211.5)6,098.7 (4,875.4)0.54Vitamin A intake (IU/wk)15,950.4 (8,444.6)17,431.5 (11,265.2)0.93Vitamin C intake (mg/wk)406.5 (310.6)358.8 (284.8)0.33Skin carotenoid level (Raman intensity)12,295.6 (3,872.8)12,529.6 (4,817.0)0.95[^3]

Table 3Correlation among skin carotenoids level and carotenoid intake.Skin carotenoid level[\*](#TF3-1){ref-type="table-fn"}α-carotene (mcg)β-carotene (mcg)β-cryptox (mcg)Lycopene (mcg)Lutein zeaxantin (mcg)Vitamin A (IU)Skin carotenoid level[\*](#TF3-1){ref-type="table-fn"}Pearson\'s correlation10.355[\*\*](#TF3-2){ref-type="table-fn"}0.347[\*\*](#TF3-2){ref-type="table-fn"}0.418[\*\*](#TF3-2){ref-type="table-fn"}0.287[\*\*](#TF3-2){ref-type="table-fn"}0.197[\*\*](#TF3-2){ref-type="table-fn"}0.349[\*\*](#TF3-2){ref-type="table-fn"}Sig. (two-tailed)0.0000.0000.0000.0000.0000.000α-carotene (mcg)Pearson\'s correlation0.355[\*\*](#TF3-2){ref-type="table-fn"}10.795[\*\*](#TF3-2){ref-type="table-fn"}0.568[\*\*](#TF3-2){ref-type="table-fn"}0.404[\*\*](#TF3-2){ref-type="table-fn"}0.305[\*\*](#TF3-2){ref-type="table-fn"}0.741[\*\*](#TF3-2){ref-type="table-fn"}Sig. (two-tailed)0.0000.0000.0000.0000.0000.000β-carotene (mcg)Pearson\'s correlation0.347[\*\*](#TF3-2){ref-type="table-fn"}0.795[\*\*](#TF3-2){ref-type="table-fn"}10.727[\*\*](#TF3-2){ref-type="table-fn"}0.621[\*\*](#TF3-2){ref-type="table-fn"}0.689[\*\*](#TF3-2){ref-type="table-fn"}0.931[\*\*](#TF3-2){ref-type="table-fn"}Sig. (two-tailed)0.0000.0000.0000.0000.0000.000β-cryptoxanthin (mcg)Pearson\'s correlation0.418[\*\*](#TF3-2){ref-type="table-fn"}0.568[\*\*](#TF3-2){ref-type="table-fn"}0.727[\*\*](#TF3-2){ref-type="table-fn"}10.546[\*\*](#TF3-2){ref-type="table-fn"}0.572[\*\*](#TF3-2){ref-type="table-fn"}0.764[\*\*](#TF3-2){ref-type="table-fn"}Sig. (two-tailed)0.0000.0000.0000.0000.0000.000Lycopene (mcg)Pearson\'s correlation0.287[\*\*](#TF3-2){ref-type="table-fn"}0.404[\*\*](#TF3-2){ref-type="table-fn"}0.621[\*\*](#TF3-2){ref-type="table-fn"}0.546[\*\*](#TF3-2){ref-type="table-fn"}10.497[\*\*](#TF3-2){ref-type="table-fn"}0.610[\*\*](#TF3-2){ref-type="table-fn"}Sig. (two-tailed)0.0000.0000.0000.0000.0000.000Lutein and zeaxanthin (mcg)Pearson\'s correlation0.197[\*\*](#TF3-2){ref-type="table-fn"}0.305[\*\*](#TF3-2){ref-type="table-fn"}0.689[\*\*](#TF3-2){ref-type="table-fn"}0.572[\*\*](#TF3-2){ref-type="table-fn"}0.497[\*\*](#TF3-2){ref-type="table-fn"}10.815[\*\*](#TF3-2){ref-type="table-fn"}Sig. (two-tailed)0.0000.0000.0000.0000.0000.000Vitamin A (IU)Pearson\'s correlation0.349[\*\*](#TF3-2){ref-type="table-fn"}0.741[\*\*](#TF3-2){ref-type="table-fn"}0.931[\*\*](#TF3-2){ref-type="table-fn"}0.764[\*\*](#TF3-2){ref-type="table-fn"}0.610[\*\*](#TF3-2){ref-type="table-fn"}0.815[\*\*](#TF3-2){ref-type="table-fn"}1Sig. (two-tailed)0.0000.0000.0000.0000.0000.000[^4][^5]

Discussion {#S4}
==========

The prevalence of asthma has increased in Thai children within the last decades, indicating asthma is a possible national health concern. For instance, the International Study of Asthma and Allergy in Childhood (ISAAC) has reported that prevalence of current asthma is increasing from 1995 to 2001 among Thai children aged 6--7 and 13--14 years.^[@R18]^ The ISAAC study has been based on a survey carried out to identify asthmatic children. It is important to underline that there could have been linguistic problems which could have affected the reliability of the epidemiological results obtained with the survey,^[@R19]^ given that this ISAAC study used an English questionnaire translated into Thai. The present study is a cross-sectional study of schoolchildren in which asthmatic children have been classified by interviewing their parents or guardians. In general, the prevalence of asthma symptoms among children is difficult to determine with accuracy because few standards are available for diagnosis, and interview and survey are useful tools to examine the problem. Nevertheless, when wheezing or shortness of breath among infants reported by parents as assessed by questionnaire was compared to physicians\' interviewing the parents themselves, higher prevalence rates were reported in interviews of the parents.^[@R20]^

This study focused on determining the role of carotenoid and vitamin A and C intake in asthmatic children. There is some evidence to indicate that dietary consumption of antioxidants seems to have a protective role against asthma.^[@R21]^ The main result of the present study is that no significant difference was identified in asthmatic and healthy Thai children in terms of carotenoid and vitamin A and C intake. Intake of carotenoids is low in Thai children because the weekly intake of fruit and vegetables, the main resource of these components,^[@R22]^ is quite limited. Raman spectroscopy has been shown to be useful in determining the skin carotenoid level that was correlated to carotenoid and vitamin A intake, indicating that Raman spectroscopy is a valuable tool to investigate and follow dietary carotenoids, as previously described.^[@R17]^ Indeed, Raman spectroscopy directly correlates serum antioxidant levels to those of skin,^[@R23]^ is less invasive than serum measurements, and easier to use in children. The risks of asthma found in this study are negatively related to age, but positively related to the presence of asthma in the family, and are comparable to those described in literature. There is some evidence to indicate that the presence of other cases of asthma in the family increases the risk,^[@R24]^ demonstrating a genetic susceptibility in asthma predisposition.^[@R25]^ Environmental and genetic predispositions have to be added to developmental factors in the pathogenesis of childhood asthma, because childhood is a period of rapid growth of both the lungs and the immune system.^[@R26]^

Conclusions {#S5}
===========

The study found no significant difference in antioxidant intake in asthmatic and healthy Thai children. To evaluate and confirm the carotenoid and vitamin A and C intakes recorded in the food dietary reports, antioxidant skin levels were measured by Raman spectroscopy. This technique has been demonstrated to be useful and reliable in determining dietary antioxidant intakes. A correlation between diet and asthma has been extensively reported in literature, but further studies are necessary to improve prognosis and therapy, especially in childhood.
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